Band shapes of the collision-induced infrared absorption by rare gas mixtures, He-Ne, He-A and Ne-A, at 300oK were calculated on the basis of the exponential interaction potential model. In this model we assumed the interatomic interaction as V =Ee-rfl. The induced dipole moment was assumed as p= p 0 e-rfprjr. (We followed Van Kranendonk and other's idea.) Here r is the relative position vector between the centers of two atoms of different species and r is its magnitude. Here, E, l, Po and p are constants dependent on the combination of rare gas species. The relation, p=2l, was chosen to explain experimental results. In the case of He-A mixture, band shapes were calculated at 150oK and 600°K, too. From these results it was inferred that the half-width of the absorption is proportional to vr.
Since Crawford, Welsh and Locke's work/) the study of the collision-induced infrared absorption by gas mixtures has occupied an important position in the investigation of molecular interaction. In particular, in cases of the pure hydrogen gas and H2-foreign gas mixtures, the Canadian group and others have comprehensively studied the vibrational-rotational and rotational absorption bands of hydrogen molecules that are forbidden in the ordinary infrared absorption but allowed under high pressures. Experimentally they observed shapes of absorption bands at various temperatures and under various pressures. 2 ) Theoretically Van Kranenclonk and others 3 ) calculated the total intensities of these absorptions and compared them with experimental results.
Recently, the collision-induced infrared absorption by rare gas mixtures was observed by Kiss and Welsh 4 ) in the frequency range above 350 cm-1 ( Fig. 1 ).
They have proposed the following mechanism for this absorption. When two rare gas atoms of cliffer~nt species happen to come into collision, a dipole moment is induced clue to overlapping of their electron clouds. This effect has already been known as the atomic distortion effect in the case of diatomic molecular gas mixtures. In these cases, however, the atomic distortion effect is always accompanied with and often masked by the quadrupole effect. In the case of rare gas mixtures the atomic distortion effect only contributes to the absorption. Thus a theoretical investigation of this phenomena will have a basic significance in understanding the mechanism of collision-induced infrared absorption. Besides, from the standpoint of the theory of the molecular structure, it is interesting to know the details of the induced dipole moment of these particularly simple cases. As a matter of fact, Poll and Van Kranendonk 5 ) have already calculated the total intensity of the absorption. However, since experimentally the total intensity is not known yet, they could not compare their result with experiment.
We have calculated the band shape of the absorption, using the following model.
(1) We assume that the interaction potential between two rare gas atoms IS giVen by
Here r is the relative distance between the centers of mass of two unlike atoms ; 8 and l are constants dependent on the combination of the rare gas species. (2) Concerning the induced dipole moment, we follow Poll and Van Kranendonk. Namely, we put
Here r is the position vector of the center of mass of one gas atom relative to that of the other. flo and p are constants dependent on the combination of rare gas species. In ~ 2, we derive the expression for the absorption coefficient based on this modeL In § 3, we calculate the absorption coefficient. In ~ 4, the result of calculations is compared with the exp'erimental result.
vVe give some results of our calculations here. \Ve find that p, the range of the induced dipole moment, is approximately given by 2l. Induced dipole moments at classical turning points are as follows:
;t Crt: (300°K)) = 3.1 x 10--
Furthermore, half-widths of absorption bands are proportional to the square root of temperature. § 2. The exponential interaction model As IS well known, the absorption coefficient is given by where v is the volume of the rare gas mixture, c the light velocity, v the frequency, and J(v) the reduced absorption coefficient defined by
Frequency (cm-1) 
Here m is the reduced mass and p is defined as follows :
where E is the energy of the system. In the case of J = 0, Eq. (6) was solved.
by Jackson and Mott. 6 ) In the case of I/--=0 we appeal to the approximate method invented by Takayanagi.') Namely we replace p in Eq. (6) by the constant j>, given by (8) where rt is the radial coordinate of the classical turning point when the relative velocity corresponds to .the thermal energy. (9) one obtains the solutions R (r) in both cases;
Here Kiq is the modified Bessel function. The normalization constant A is equal to 1/V2L: as is derived from the asymptotic form of R (r) for large r.
Here L is the radius of the vessel where rare gas mixtures are contained.**)
Now, we calculate IJLi 1 1 2 in Eq. (4). Concerning the angular part, the selection rule allows only transitions with iJJ= ± 1 and we have
2.!+1
after averaging over initial M. T'he radial part of the matrix element, fJ-i~, 1s
given by xr(
Here q' represents the q of the final state. In the above calculation we have *) From Eq. (9), we see that the limiting values of y are given as follows: Jo . **) This boundary condition is not rigorous. But it may be allowed when the vessel is sufficiently large. Another calculation of the absorption coefficient by the use of the atomic collision theory is described in Appendix I.
used the following integral formula :
where 2F1 is the hypergeometric function.
When the vessel is sufficiently large, we replace the sum 1n Eq. ( 4) by the corresponding integral
Here g (Ei) and g (E 1 ) represent the state density of the initial and the final state. We approximate g (E) by that of the free particle contained in the same vessel :
Similarly,
Using the above approximations and replacing the variable of integration E by q, we have
*> This formula will be rederivecl by another method in Appendix I. concluded that the value of p IS approximately given by 2l. *l *> The calculation of ,!l((J)) was performed by the following way: First the integration with respect to q was carried out with a fixed J value. (We used the Hermite-Gauss integration formula.) Then the summation over J was macle. We clivided the summation to 11> 
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In Fig. 2, 3 and 4, log!} (uJ) (cal.) with l/ p = 1/2 and log J((u) Cobs.) are shown.
In these figures the origins of ordinates are arbitrary and only the gradients of two curves should be compared with each other. Fig. 6 . From their behavior we may expect that the tem.perature dependence of the half-width is described by the factor v T. (Fig. 8 ) (De bye)
Finally, we observed that the variation of rt in a reasonable range does not appreciably change the gradient of log // ((v). (Fig. 9 ) This is particularly true in the high frequency range, where the approximation formula in Appendix II is applicable. It remains almost unchanged. Thus we may conclude that the frequency dependence of the absorption coefficient hardly or at most only weakly relates to rt. r/ = rtflog 10 e Vve believe that the exponential interaction potential model is useful to understand the fundamental characters of the collision-induced ·infrared absorption by rare gas mixtures. At present, however, the experimental data are available only in restricted temperature and frequency ranges. Further experimental study especially in the lower frequency range is highly desirable to test the applicability of the model.
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l3and ,')'hape of the Collision-Induced Infrared AbsorjYL£on
Appendix I
In this Appendix, we rederive the expression of collision-induced absorption coefficient by the use of the scattering theory.
Here we take up the following definition of absorption coefficient : 
In the high frequency range, using q' 
and that f has only one maximum. The coefficients ci can be determined by comparing the terms of the same power of t in both sides of Eq. (II· 4). Approximating q=qM (1 + c 1 t) , we obtain -~ / &qM'ifMe"~~ {V{qM'+coJ(J~2~i ~~:~';J:::c,J(JI 1)} } .
Replacing the sum over J by the integration, we obtain :t . We observed that this formula is useful in the frequency range above 300 cm-1 at 300°K, comparing its result with that of the machine calculation.
In order to obtain qM, we repeatedly calculate the following successive approxi . . mation formula:
q., 11 _::..: {1 I · (11· 7)
